The present study describes synthesis of a series of 2--phenyl benzimidazole-1-acetamide derivatives and their evaluation for anthelmintic activity using Indian adult earthworms, Pheretima posthuma. The structure of the title compounds was elucidated by elemental analysis and spectral data. 
The compounds 4-({[2-(4-nitrophenyl)-1H--benzimidazol-1-yl]acetyl}amino) benzoic acid (3a), N--ethyl-2-[2-(4-nitrophenyl)-1H-benzimidazol-1-yl] acetamide (3c), N-benzyl-2-[2-(4-nitrophenyl)-1H-benzimidazol--1-yl] acetamide (3d), N-(4-hydroxyphenyl)-2-[2-(4-nitrophenyl)-1H-benzimidazol-1-yl] acetamide (3f), 2-[2-(4-nitrophenyl)-1H-benzimidazol-1-yl]-N-phenyl acetamide (3h), 2-[2-(4-chlorophenyl)-1H-benzimidazol-1-yl]-N'-phenylacetohydrazide (3k)
,
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The literature has revealed that the substitutions at the 1, 2 and 5 positions of the benzimidazole moiety are crucial for exhibiting a wide range of pharmacological activities. Specifically, 2-substituted analogs of benzimidazole are known to be potent biologically active compounds.
2-Arylbenzimidazoles are usually synthesized by classical cyclocondensation of o-phenylenediamines with the corresponding carboxylic acids under harsh dehydrating reaction conditions (12) or with aldehydes under oxidative conditions (13) . The condensation of o-phenylenediamines and aldehydes requires an oxidative reagent to generate the benzimidazole core. Various reagents such as nitrobenzene, benzoquinone, sodium metabisulfite, iodine/potassium iodide, p-toluenesulfonic acid and even air can be used for this purpose. Due to the availability of commercial aldehydes, the proposed method has been chosen as a general procedure for the synthesis. The versatile utility of substituted benzimidazole and the amide group, both being of pharmacological interest, and development of resistance to the existing anthelmintics prompted us to synthesize a series of benzimidazole derivatives containing the amide group in order to obtain a potential anthelmintic candidate.
EXPERIMENTAL
Melting points were determined in an open capillary tube and are uncorrected. The IR spectra were recorded as KBr discs using a JASCO FTIR 4100 spectrometer (Japan). 1 H NMR spectra were measured on a Varian-NMR-mercury 300 spectrometer (USA) using tetramethylsilane as internal standard and deuteriated dimethylsulphoxide as solvent and are expressed in parts per million (d, ppm). Mass spectral data were recorded with an LC-MS spectrometer (Thermo Finnigan Model Discovery, Thermo Finnigan TSQ Quantum Discovery MAX Mass Spectrometer, USA). Microanalyses were performed using a Vario EL V300 elemental analyzer (Elemental Analysensysteme GmbH, Germany). The purity of the compounds was checked by TLC on pre-coated silica gel G (HF 254 ) aluminium plates (Merck, USA) using benzene/ethyl acetate (4:1) and was visualized in a UV chamber. (1a,b) . General procedure. -Equimolar amounts of each o-phenylenediamine (0.5 mmol) and the corresponding aromatic aldehyde (0.5 mmol) were thoroughly mixed in 2 mL of dimethyl formamide. Sodium hydrogen sulfite (0.15 mmol) was added and the mixture was stirred at 80°C. Completion of the reaction was monitored by TLC. The mixture was cooled to room temperature and added dropwise to 20 mL of water under vigorous stirring. The product, separated as a solid, was collected by filtration, washed with water, and dried.
Syntheses 2-(4-Substituted phenyl)-1H-benzimidazoles

Ethyl [2-(4-substituted phenyl)-1H-benzimidazol-1-yl] acetate (2a,b). General procedure. -
A mixture of equimolar alkaline solution (0.5 mL, 4 mol L -1 NaOH) of 1H-benzimidazole (0.01 mol) in methanol (50 mL) and ethyl chloroacetate (0.01 mol) in methanol (30 mL) was heated gently on a boiling water bath for 0.5 h. The solid thus obtained on cooling was recrystallized from chloroform.
2-(4-Substituted phenyl)-1H-benzimidazole-1-yl acetamide derivatives (3a-r).
General procedure. -To a solution of ethyl [2-(4-substituted phenyl)-1H-benzimidazol-1-yl] acetate (0.01 mol) dissolved in dry methanol (50 mL), substituted amines like p-amino benzoic acid, ethylamine, benzylamine, p-nitroaniline, p-aminophenol, a-naphthalamine, aniline, m-nitroaniline and phenylhydrazine (0.02 mol) were added and the mixture was refluxed for 4-5 h. The reaction mixture was cooled and the solid obtained was filtered, washed with a small quantity of cold methanol to give the final product.
Anthelmintic activity
The title compounds were tested for anthelmintic activity according to the method described by Dutta (14) . Pheretima posthuma (earthworms authenticated by the SSGM College, Kopergaon, India) of approximately equal size (6 ± 1 cm) were selected randomly for the present study. The worms were acclimatized to laboratory conditions before experimentation. The earthworms were divided into three groups of six earthworms each. Albendazole diluted with normal saline solution to obtain 20 mg mL -1 served as the standard and was poured into Petri dishes. The title compounds were dissolved in a minimum quantity of ethanol and diluted to prepare 20 mg mL -1 of each compound. Normal saline served as a control. The time taken for complete paralysis and death was recorded. The mean paralysis time and mean lethal time were calculated for each compound (each reading was taken in triplicate). The time taken for worms to become motionless was noted as paralysis time. To ascertain death, each worm was frequently subjected to external stimuli that stimulate and induce movement in earthworms, if alive.
RESULTS AND DISCUSSION
Some novel benzimidazole derivatives were synthesized in good yields using ambient reaction conditions and a simple work-up procedure. Physicochemical data of title compounds are shown in Table I . The structure of compounds was confirmed on the basis of IR, 1 H NMR, mass spectra and elemental analysis shown in Table II .
The purpose of the present study was to synthesize some novel 2-(4-substituted phenyl)-1H-benzimidazole-1-yl acetamide derivatives expected to have good anthelmintic activity (Scheme 1).
The starting materials, 2-substituted-1H-benzimidazoles (1a and 1b), were prepared via oxidative condensation of o-phenylenediamine, the corresponding aromatic aldehyde and sodium metabisulfite. Structure of compounds 1a and 1b was confirmed by comparing their physical and spectral data with the reported ones. Nucleophilic substitution of compounds 1a and 1b yielded ethyl [2-(4-substituted phenyl)-1H-benzimidazol-1-yl] acetates (2a and 2b). Treatment of compounds 2a and 2b with different substituted amines and phenylhydrazine resulted in the formation of 2-(4-substituted phenyl)-1H-benzimidazole-1-yl acetamide derivatives (3a-r). The IR spectra of title compounds (3a-r) showed a carbonyl stretching band between 1670-1780 cm -1 and in the NMR spectra the CH 2 showed a less than 0.99 % difference between the calculated and found results. All these facts confirm the structure of the title compounds.
To evaluate the anthelmintic activity, adult Indian earthworms (Pheretima posthuma) were used for the experimental protocol due to their anatomical and physiological resemblance to the intestinal roundworm parasites in humans. Observations were made for the time taken to paralysis and death of individual worms (Table III) . Paralysis occurred when the worms did not revive even in normal saline. Death was declared when the worms lost motility, followed by fading away of their body colors. Compounds 3a, 3c, 3d, 3f, 3h, 3k, 3n and 3q were found more active to paralyze worms than 3b, 3g, 3p and 3r whereas compounds 3c, 3e, 3j, 3l and 3q were more potent to cause death of worms than albendazole. Compound 3c was the most potent to paralyze worms as well as to cause death of worms, which revealed that aliphatic acetamides with the presence of the electron withdrawing polar group at the fourth position of 2-phenyl ring of benzimidazole-1-acetamide derivatives resulted in higher anthelmintic activity.
CONCLUSIONS
The present study has demonstrated that 2-phenyl benzimidazole-1-acetamide derivatives are potential novel anthelmintic agents. Further work is in progress to trace the mechanisms of action and structural requirements of this series of compounds by computational methods. 
